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Background: Aside from tumour stage and treatment, little is known about potential factors that may influence survival in
colorectal cancer patients. The aim of this study was to investigate the associations between physical activity, obesity and smoking
and disease-specific and overall mortality after a colorectal cancer diagnosis.

Methods: A cohort of 879 colorectal cancer patients, diagnosed in Western Australia between 2005 and 2007, were followed up to
30 June 2012. Cox’s regression models were used to estimate the hazard ratios (HR) for colorectal cancer-specific and overall
mortality associated with self-reported pre-diagnosis physical activity, body mass index (BMI) and smoking.

Results: Significantly lower overall and colorectal cancer-specific mortality was seen in females who reported any level of recent
physical activity than in females reporting no activity. The colorectal cancer-specific mortality HR for increasing levels of physical
activity in females were 0.34 (95% CI¼ 0.15, 0.75), 0.37 (95% CI¼ 0.17, 0.81) and 0.41 (95% CI¼ 0.18, 0.90). Overweight and obese
women had almost twice the risk of dying from any cause or colorectal cancer compared with women of normal weight. Females
who were current smokers had worse overall and colorectal cancer-specific mortality than never smokers (overall HR¼ 2.64,
95% CI¼ 1.18, 5.93; colorectal cancer-specific HR¼ 2.70, 95% CI¼ 1.16, 6.29). No significant associations were found in males.

Conclusion: Physical activity, BMI and smoking may influence survival after a diagnosis of colorectal cancer, with more
pronounced results found for females than for males.

Although colorectal cancer survival has improved in the last few
decades, due partly to earlier detection and more effective
treatments (Faivre-Finn et al, 2002), colorectal cancer is still one
of the major causes of cancer deaths in developed countries such as
Australia (Australian Institute of Health and Welfare and
Australasian Association of Cancer Registries, 2010; Ferlay et al,
2010), The main predictors of colorectal cancer prognosis are
tumour stage and treatment (Zlobec and Lugli, 2008), but little is
known about other potential factors influencing survival in
colorectal cancer patients.

Lifestyle factors such as physical activity, obesity and cigarette
smoking have been shown to be associated with the risk of colon
and/or rectal cancers (World Cancer Research Fund and American
Institute for Cancer Research, 2007; Boyle et al, 2012b), and in
recent years the effect that these factors have on the prognosis of
colorectal cancer has started to receive research attention.

However, a recent review of the literature concerning the role of
body mass index (BMI) and physical activity in colorectal cancer
survival concluded that no firm conclusions could be drawn from
the limited number of studies to date (Vrieling and Kampman,
2010). There is also limited research about the effect of smoking on
colorectal cancer survival (Phipps et al, 2011).

The aim of this study was to investigate the association between
modifiable lifestyle factors (pre-diagnosis physical activity,
obesity and smoking) and disease-specific and overall survival
after a diagnosis of colorectal cancer.

MATERIALS AND METHODS

The Western Australia Bowel Health Study. The participants in
this cohort study were the 918 cases from a case–control study of
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colorectal cancer (The Western Australian Bowel Health Study;
WABOHS) that was conducted in Western Australia between 2005
and 2007 (Clapin et al, 2012). The patients in WABOHS were
males and females aged between 40 and 79 years and were
recruited from the Western Australia Cancer Registry soon after
diagnosis. The median time from diagnosis to completion of the
study questionnaire was 113 days (interquartile range 94–139
days). Of the 1544 eligible patients invited to participate in the
WABOHS, 918 (59.5%) participated. Notification of all cancers,
excluding non-melanoma skin cancer, is mandatory in Western
Australia. The participants completed self-administered question-
naires that asked about lifestyle and medical risk factors for
colorectal cancer, such as recreational physical activity, smoking
history, height, weight, medication use and diet. Follow-up of the
918 patients began at the date of colorectal cancer diagnosis and
ended at death or 30 June 2012, whichever came first. This survival
study and the WABOHS received approval from the Human
Research Ethics Committees at the Western Australian Depart-
ment of Health and The University of Western Australia. Informed
consent was obtained from all participants in the WABOHS.

Exposure measurements. To account for possible changes in
behaviour as a result of colorectal cancer symptoms and/or
diagnosis, BMI and smoking status were determined 1 year before
study enrolment, and physical activity performed in the 1 year
before study invitation was excluded.

Information about recreational physical activity performed
during three age periods (19–34 years, 35–50 years and X51
years) was collected using a questionnaire based on others that
have been shown to be reliable (Friedenreich et al, 1998; Chasan-
Taber et al, 2002). More information about the coding of the
physical activity data can be found elsewhere (Boyle et al, 2011a).
In brief, data from the physical activity questionnaire were used to
calculate total, moderate-intensity and vigorous-intensity meta-
bolic-equivalent hours (MET-hours) per week for each age period.
Activities were classified as moderate intensity or vigorous
intensity according to their respective metabolic-equivalent value
(Ainsworth et al, 2000). Physical activity performed in the age
period that the participant was in at the time of study enrolment
was considered to be ‘recent recreational physical activity’. Total
recent recreational physical activity was categorised as 0, 0.1–11.9,
12–29.9 and X30 MET-hours per week. Recent moderate-intensity
activity and recent vigorous-intensity activity were both cate-
gorised as 0, 0.1–5.9, 6–17.9 and X18 MET-hours per week. A
‘lifetime recreational physical activity’ variable was also created for
total, moderate-intensity and vigorous-intensity physical activity.
This variable categorised participants as always low activity or as
high activity in one-, two- or all-age periods (Boyle et al, 2011a).

We also looked at the association between resistance training
and sedentary behaviour, and disease-specific and overall survival
after a diagnosis of colorectal cancer. For resistance training,
participants were categorised as having definitely, possibly or not
performed resistance training over the lifetime, based on the name
of the activities they listed on the physical activity questionnaire
(Boyle et al, 2012a). Sedentary behaviour was measured in the
occupational domain using a classification system based on job title
(U.S. Department of Labor, 1991; Boyle et al, 2011b). This method
of classifying occupational activity has been shown to have good
agreement with self-reported job activity, particularly for sedentary
(sitting) and light (standing) jobs (Boyle and Leong, 2012).
Participants were classified as having spent 0 years, 40 years
but o10 years, or X10 years, in sedentary work.

Information on height and weight 1 year before study
enrolment was collected, and these data were used to calculate
BMI. Body mass index was classified as normal weight
(BMIo25 kgm� 2), overweight (25pBMIo30 kgm� 2) or obese
(BMIX30 kgm� 2). Very few participants (n¼ 3) were

underweight (BMIo17.5 kgm� 2), so these participants were
included in the normal weight category.

Participants were classified as current, former or never smokers
1 year before study enrolment based on the self-reported
information collected in the WABOHS.

Outcome measurement. Date and cause of deaths in the cohort
were identified by linkage to the Western Australian Cancer
Registry and the Western Australian Registry of Births, Deaths and
Marriages. Cause of death was coded by the Australian Bureau of
Statistics and/or the Western Australian Cancer Registry. Deaths
that were coded as having been caused by colorectal cancer by
either of these sources were classified as colorectal cancer-specific
deaths in this study.

Statistical analysis. Cox’s proportional hazard regression models
were used to estimate the hazard ratios (HR) for colorectal cancer-
specific mortality and overall mortality associated with physical
activity, BMI and smoking. Age, sex, socioeconomic status, tumour
stage and diabetes were considered to be potential confounders
and were included as covariates in all models, and physical
activity, BMI and smoking were mutually adjusted for each other.
Socioeconomic status was based on the residential postcode and
was classified using the Index of Relative Socio-economic
Disadvantage from the Socio-Economic Indexes for Areas
(Australian Bureau of Statistics, 2008). Information on tumour
stage was collected from pathology or medical records and was
classified as stage I, II, III or IV, or unknown. Participants were
classified as having diabetes, high blood sugar levels or neither,
based on self-report. Where appropriate, tests for trend were
conducted by entering ordinal categorical variables into the model
as continuous variables. Proportional hazards assumptions were
tested using scaled Schoenfeld residuals (Schoenfeld, 1982). No
violations of the proportionality assumption were observed for any
of the covariates included in the colorectal cancer-specific or
overall mortality models.

We repeated the analyses stratified by sex, cancer site (colon or
rectum) and cancer stage (stage I–III or stage IV). We also added
interaction terms to non-stratified models to identify whether sex,
cancer site or cancer stage significantly modified the associations
between mortality and physical activity, BMI and/or smoking.
Participants with unknown cancer stage were excluded from the
stage-stratified and stage-exposure interaction analyses.

Kaplan–Meier curves of colorectal cancer-specific survival
across physical activity, BMI and smoking categories were
generated for males and females separately.

Missing data from one or more of the exposure variables
resulted in 39 participants being excluded, leaving 879 participants
in this study. Stata 11.2 (StataCorp, College Station, TX, USA) was
used for all analyses.

RESULTS

A total of 224 deaths (155 males, 69 females) occurred during
follow-up, of which 187 (128 male, 59 females) were due to
colorectal cancer. Median follow-up time was 5.9 years in those
participants still alive at the end of follow-up, and 5.6 years among
all participants.

The demographic, lifestyle and clinical characteristics of the
participants are shown in Table 1. The median age of the 879
participants (542 males, 337 females) at diagnosis was 65 years.
Almost 15% of the participants reported doing no recent
recreational physical activity, 10% were current smokers and 50%
were former smokers. Almost 40% were overweight and B30%
were obese 1 year before study enrolment.

As expected, cancer stage was strongly associated with colorectal
cancer-specific mortality (Table 2). The association between stage
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and all-cause mortality was also strong, although slightly
attenuated compared with colorectal cancer mortality. Males had
a poorer overall and colorectal cancer-specific mortality than
females, although the difference was not statistically significant.

Physical activity. Participants who performed any amount of
recent recreational physical activity reduced their risk of all-cause
mortality compared with those who reported no recent physical
activity; the HR for increasing levels of physical activity were
0.67 (95% CI¼ 0.45, 0.99), 0.66 (95% CI¼ 0.44, 0.98) and 0.75
(95% CI¼ 0.51, 1.11) (Table 2). Sex-stratified analyses revealed a
significant dose–response relationship between recent recreational
physical activity and overall mortality in females (Ptrend¼ 0.027),

with significant risk reductions seen for women who performed
any amount of recreational physical activity (Table 3). Recent
recreational physical activity was not significantly associated with
overall mortality in males. The inverse association between recent
recreational physical activity and overall survival was not seen in
participants with a stage IV colorectal cancer and appeared to be
stronger in rectal cancer patients than in colon cancer patients,
although there was no significant interaction between physical
activity and cancer site.

The association between recent recreational physical activity
and colorectal cancer-specific mortality was significantly modified
by sex (Pinteraction¼ 0.03) (Table 3). Performing any amount of
recreational physical activity significantly reduced the risk of dying
from colorectal cancer in females; the HR for increasing levels of
physical activity were 0.34 (95% CI¼ 0.15, 0.75), 0.37 (95%
CI¼ 0.17, 0.81) and 0.41 (95% CI¼ 0.18, 0.90). No significant
association was found in males.

In terms of intensity and timing, both recent and lifetime
moderate-intensity physical activity were associated with a
significantly reduced risk of overall and colorectal-cancer mortality
in females (Table 4). Neither recent nor lifetime vigorous-intensity
physical activity was significantly associated with mortality in
females, and neither recent nor lifetime moderate-intensity or
vigorous-intensity physical activity was significantly associated
with mortality in males. Resistance training and sedentary work
were not significantly associated with colorectal cancer-specific
mortality or overall mortality in males or females (Table 4).

Body mass index. Compared with normal weight participants,
overweight participants had a higher risk of colorectal cancer-
specific mortality (HR¼ 1.51, 95% CI¼ 1.04, 2.18) and obese
participants had a non-significant increased risk (HR¼ 1.33, 95%
CI¼ 0.89, 1.99) (Table 2). The significant association between BMI
and both overall mortality and colorectal cancer-specific mortality
appeared to be limited to females and rectal cancer patients,
although neither sex nor cancer site significantly modified the
effect of BMI on mortality (Table 3).

Smoking. As with physical activity and BMI, the association
between current smoking and mortality appeared to be more
pronounced in females than in males (Table 3). Females who were
current smokers had B2.5 times the risk of both overall mortality
(HR¼ 2.64, 95% CI¼ 1.18, 5.93) and colorectal cancer-specific
mortality (HR¼ 2.70, 95% CI¼ 1.16, 6.29). Being a former smoker
was not associated with colorectal cancer-specific mortality or
overall mortality in neither males nor females; however, it was
significantly associated with mortality among people with stage IV
colorectal cancer.

Kaplan–Meier curves of colorectal cancer-specific survival
across physical activity, BMI and smoking categories, for males
and females separately, are presented in Figure 1.

DISCUSSION

In this study, we found that physical activity, BMI and smoking
were significantly associated with all-cause mortality and/or
colorectal cancer-specific mortality in females with colorectal
cancer. For females, recent recreational physical activity was
associated with a 50–60% reduced risk of both overall mortality
and disease-specific mortality; being overweight or obese almost
doubled the risk of overall and colorectal cancer-specific mortality,
and being a current smoker increased the risk of overall and
colorectal cancer-specific mortality by 2.5 times. The results were
less pronounced in males, with no significant associations found
between physical activity, BMI or smoking and mortality.

Our finding of an inverse association between physical activity
and mortality in female colorectal cancer patients adds to the

Table 1. Lifestyle, demographic and clinical characteristics of the 879
patients

Characteristic n (%)

Sex

Female 337 (38.3)
Male 542 (61.7)

Age, years (median, interquartile range) 65, 59–72

Total recent recreational physical activity (MET-hours per
week; %)

0 130 (14.8)
0.1–8.9 229 (26.1)
9–23.9 264 (30.0)
24–41.9 256 (29.1)

Body mass index 1 year ago (%)

o25 283 (32.2)
25–29.9 338 (38.5)
X30 258 (29.4)

Smoking status (%)

Never 347 (39.5)
Former 444 (50.5)
Current 88 (10.0)

Cancer site (%)

Colon 558 (63.5)
Rectum 321 (36.5)

Stage (%)

One 264 (30.0)
Two 220 (25.0)
Three 239 (27.2)
Four 47 (5.3)
Unknown 109 (12.4)

Diabetes (%)

No 701 (79.7)
High blood sugar 49 (5.6)
Diabetes 129 (14.7)

Socioeconomic disadvantage (%)

1 (Most disadvantaged) 153 (17.4)
2 179 (20.4)
3 177 (20.1)
4 193 (22.0)
5 (Least disadvantaged) 177 (20.1)

Abbreviation: MET-hours¼metabolic-equivalent hours.
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growing body of literature, indicating that physical activity may
have an important role in the prognosis of colorectal cancer. Seven
previous studies have examined this association (Haydon et al,
2006; Meyerhardt et al, 2006a,b, 2009; Baade et al, 2011; Kuiper
et al, 2012; Campbell et al, 2013). Five of these studies have
investigated the effect of pre-diagnosis physical activity, with three
studies finding a significant inverse association (Haydon et al,
2006; Kuiper et al, 2012; Campbell et al, 2013) and two studies
finding no association (Meyerhardt et al, 2006a,b). Post-diagnosis
physical activity has been more consistently associated with
survival among colorectal cancer patients than pre-diagnosis
physical activity, with all of the six studies on this topic finding
an inverse association, and risk reductions ranging from 40 to 70%
(Meyerhardt et al, 2006a,b, 2009; Baade et al, 2011; Kuiper et al,
2012; Campbell et al, 2013). A randomised controlled trial

(the Colon Health and Life-Long Exercise Change trial) to confirm
the results from this and other observational studies is currently
underway (Courneya et al, 2008).

In our study, we found that physical activity was not inversely
associated with mortality in patients with stage IV colorectal
cancer. The only other study to investigate this reported similar
findings (Haydon et al, 2006), suggesting that physical activity does
not increase survival in patients diagnosed with metastatic
colorectal cancer. However, most previous studies on physical
activity and survival in cancer patients have excluded people with
metastatic disease (Ballard-Barbash et al, 2012), and larger studies
are needed to confirm this finding.

The results of this study suggest that being overweight or obese
is associated with poorer survival in colorectal cancer patients.
This finding is consistent with much of the previous literature in

Table 2. Adjusted HR for the association between lifestyle, demographic and clinical characteristics and overall and colorectal cancer-specific mortality

Overall mortality Colorectal cancer-specific mortality

Person-time at risk (years) Deaths (n) HRa 95% CI Deaths (n) HRa 95% CI

Total recent MET-hours per week

0 624 48 1.00 33 1.00
0.1–8.9 1197 55 0.67 0.45, 0.99 44 0.78 0.49, 1.25
9–23.9 1324 63 0.75 0.51, 1.11 56 0.99 0.63, 1.56
23.9–41.9 1324 58 0.66 0.44, 0.98 54 0.91 0.58, 1.42
Ptrend 0.116 0.940

Body mass index 1 year ago

o25 1471 62 1.00 47 1.00
25–29.9 1687 94 1.33 0.95, 1.85 82 1.51 1.04, 2.18
X30 1315 68 1.26 0.88, 1.81 58 1.33 0.89, 1.99
Ptrend 0.201 0.170

Smoking status

Never 1772 89 1.00 74 1.00
Former 2289 104 0.87 0.64, 1.18 87 0.94 0.67, 1.30
Current 412 31 1.31 0.86, 2.01 26 1.31 0.82, 2.09

Sex

Female 1780 69 1.00 59 1.00
Male 2694 155 1.33 0.97, 1.80 128 1.24 0.89, 1.74

Stage

I 1445 28 1.00 18 1.00
II 1191 43 1.91 1.18, 3.08 32 2.21 1.24, 3.94
III 1134 89 4.07 2.66, 6.24 79 5.41 3.23, 9.04
IV 142 38 12.97 7.85, 21.44 38 20.65 11.61, 36.72
Unknown 561 26 2.60 1.52, 4.46 20 2.97 1.57, 5.64

Diabetes

No 3535 186 1.00 154 1.00
High blood sugar 264 11 0.76 0.41, 1.41 10 0.81 0.42, 1.57
Diabetes 674 27 0.68 0.45, 1.03 23 0.75 0.48, 1.19

Socioeconomic disadvantage

1 (Most disadvantaged) 754 48 1.00 42 1.00
2 919 38 0.81 0.53, 1.25 32 0.78 0.49, 1.24
3 917 42 0.79 0.52, 1.20 34 0.70 0.44, 1.10
4 1016 49 0.92 0.61, 1.38 38 0.81 0.52, 1.27
5 (Least disadvantaged) 868 47 1.07 0.70, 1.63 41 0.99 0.63, 1.55

Abbreviations: CI¼ confidence intervals; HR¼hazards ratio; MET-hours¼metabolic-equivalent hours.
aAdjusted for age, sex, socioeconomic status, tumour stage and diabetes. Physical activity, body mass index and smoking were all mutually adjusted for each other.
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Table 3. Adjusted HR for the association between lifestyle characteristics and overall and colorectal cancer-specific mortality, stratified by sex, cancer site
and cancer stage

Sex Colorectal cancer site Colorectal cancer stagea

Male Female Colon Rectum Stage I–III Stage IV

n HRb 95% CI n HRb 95% CI n HRb 95% CI n HRb 95% CI n HRb 95% CI n HRb 95% CI

Overall mortality

Total recent MET-hours per week (%)

0 88 1.00 42 1.00 86 1.00 44 1.00 108 1.00 10 1.00

0.1–11.9 136 0.76 0.46, 1.25 93 0.45 0.22, 0.92 140 0.89 0.53, 1.49 89 0.38 0.19, 0.75 188 0.55 0.35, 0.86 13 0.95 0.30, 2.97

12–29.9 155 0.99 0.61, 1.58 109 0.38 0.19, 0.78 159 0.82 0.50, 1.37 105 0.63 0.33, 1.19 221 0.55 0.35, 0.85 10 3.44 1.01, 11.68

X30 163 0.83 0.51, 1.34 93 0.38 0.18, 0.80 173 0.75 0.45, 1.25 83 0.49 0.25, 0.95 206 0.49 0.31, 0.77 14 2.45 0.81, 7.39

Ptrend 0.731 0.027 0.247 0.267 0.008 0.043

Pinteraction 0.158 0.468 0.007

Body mass index 1 year ago

o25 144 1.00 139 1.00 182 1.00 101 1.00 240 1.00 11 1.00

25–29.9 231 1.12 0.76, 1.65 107 1.95 1.05, 3.60 202 1.28 0.84, 1.95 136 1.32 0.75, 2.32 278 1.33 0.90, 1.96 19 1.37 0.55, 3.42

X30 167 1.01 0.65, 1.57 91 1.95 0.98, 3.86 174 1.05 0.67, 1.65 84 1.81 0.98, 3.34 205 1.34 0.88, 2.04 17 1.06 0.31, 3.57

Ptrend 0.964 0.046 0.866 0.058 0.167 0.854

Pinteraction 0.287 0.492 0.613

Smoking status

Never 150 1.00 197 1.00 227 1.00 120 1.00 287 1.00 19 1.00

Former 336 0.77 0.54, 1.10 108 1.04 0.60, 1.79 279 0.90 0.61, 1.32 165 0.82 0.50, 1.36 367 0.70 0.49, 1.01 22 2.85 1.09, 7.50

Current 56 1.05 0.62, 1.77 32 2.64 1.18, 5.93 52 1.42 0.81, 2.48 36 1.47 0.72, 2.98 69 1.40 0.84, 2.31 6 1.58 0.40, 6.25

Pinteraction 0.226 0.653 0.028

Colorectal cancer-specific mortality

Total recent MET-hours per week (%)

0 88 1.00 42 1.00 86 1.00 44 1.00 108 1.00 10 1.00

0.1–11.9 136 1.14 0.63, 2.06 93 0.34 0.15, 0.75 140 1.25 0.68, 2.31 89 0.37 0.17, 0.83 188 0.65 0.37, 1.13 13 0.95 0.30, 2.97

12–29.9 155 1.54 0.87, 2.71 109 0.37 0.17, 0.81 159 1.24 0.69, 2.24 105 0.73 0.35, 1.51 221 0.77 0.46, 1.29 10 3.44 1.01, 11.68

X30 163 1.35 0.77, 2.37 93 0.41 0.18, 0.90 173 1.17 0.65, 2.11 83 0.60 0.29, 1.24 206 0.74 0.44, 1.26 14 2.45 0.81, 7.39

Ptrend 0.209 0.143 0.727 0.709 0.558 0.043

Pinteraction 0.030 0.220 0.140

Body mass index 1 year ago

o25 144 1.00 139 1.00 182 1.00 101 1.00 240 1.00 11 1.00

25–29.9 231 1.36 0.87, 2.12 107 1.90 0.97, 3.72 202 1.41 0.89, 2.24 136 1.42 0.73, 2.77 278 1.53 0.98, 2.38 19 1.37 0.55, 3.42

X30 167 1.19 0.72, 1.96 91 1.79 0.84, 3.80 174 0.93 0.56, 1.55 84 2.40 1.21, 4.74 205 1.49 0.92, 2.40 17 1.06 0.31, 3.57

Ptrend 0.524 0.115 0.722 0.011 0.103 0.854

Pinteraction 0.758 0.114 0.323

Smoking status

Never 150 1.00 197 1.00 227 1.00 120 1.00 287 1.00 19 1.00

Former 336 0.78 0.52, 1.15 108 1.23 0.68, 2.23 279 0.95 0.63, 1.44 165 0.84 0.48, 1.49 367 0.72 0.49, 1.08 22 2.85 1.09, 7.50

Current 56 0.93 0.51, 1.68 32 2.70 1.16, 6.29 52 1.30 0.70, 2.44 36 1.63 0.76, 3.50 69 1.26 0.72, 2.20 6 1.58 0.40, 6.25

Pinteraction 0.078 0.881 0.047

Abbreviations: CI¼ confidence intervals; HR¼hazards ratio; MET-hours¼metabolic-equivalent hours.
aExcludes participants for whom cancer stage was unknown.
bAdjusted for age, socioeconomic status, tumour stage and diabetes. Physical activity, body mass index and smoking were all mutually adjusted for each other.
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this area (Vrieling and Kampman, 2010). It has been proposed that
obesity may influence colorectal cancer survival by increasing
insulin resistance and increasing the levels of insulin and insulin-
like growth factors (Vrieling and Kampman, 2010). Conversely,
physical activity may lead to increased survival in colorectal cancer
patients by decreasing insulin resistance and lowering the
concentrations of insulin and insulin-like growth factors
(Vrieling and Kampman, 2010). Other possible mechanisms
through which physical activity may influence survival in colorectal
cancer patients include reduced weight and modulation of
oxidative DNA damage (Davies et al, 2011).

Our finding of increased mortality in colorectal cancer patients
who are current smokers is consistent with some (Munro et al,
2006; Phipps et al, 2011, 2013), but not all (Yu et al, 1997; Park
et al, 2006; McCleary et al, 2010; Nordenvall et al, 2013), previous
research on this topic. Two studies have found that colon/
colorectal cancer patients who were current smokers had poorer
survival than those who were non-smokers (Munro et al, 2006;

Phipps et al, 2013), whereas another study found that colon
cancer-specific mortality, but not rectal cancer-specific mortality,
was higher in current smokers than in never or former smokers
(Phipps et al, 2011). The remaining four studies found no
association between current smoking and survival in colorectal
cancer patients (Yu et al, 1997; Park et al, 2006; McCleary et al,
2010; Nordenvall et al, 2013).

Moderate-intensity but not vigorous-intensity physical activity
was significantly associated with mortality in this study. Only one of
the previous six studies on physical activity and survival in colorectal
cancer patients has taken intensity into account. That study found
that intensity did not influence the effect of physical activity on
survival in females (Kuiper et al, 2012), suggesting that moderate-
intensity physical activity is sufficient to improve survival. Lifetime
physical activity as well as recent physical activity was associated
with mortality in females in this study, suggesting that women who
have been consistently physically active before a diagnosis of
colorectal cancer have improved survival.
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Figure 1. Kaplan–Meier curves of colorectal cancer-specific survival across physical activity, BMI and smoking categories, by sex.
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Sedentary work and resistance training, both of which may be
independent risk factors for colorectal cancer (Boyle, 2012; Boyle
et al, 2012a), were not significantly associated with colorectal
cancer-specific or overall survival in this study. It has been
suggested that sedentary behaviour may potentially have an
important role in morbidity and mortality in cancer patients
(Lynch et al, 2013), but only one previous study has investigated
the association between sedentary behaviour and colorectal-cancer
survival, with the results indicating a positive association between
pre-and post-diagnosis leisure time sitting and both overall and
colorectal cancer-specific mortality (Campbell et al, 2013). No
previous studies have examined the association between resistance
training and survival in colorectal cancer patients.

In this study, we found that the effects of physical activity, BMI
and smoking on mortality in colorectal cancer patients were more
pronounced in females than in males.

Previous research indicates that the effect of obesity on
mortality after a colorectal cancer diagnosis may differ according
to sex, although the results are inconsistent (Vrieling and
Kampman, 2010). A study by Meyerhardt et al (2003) also found
that obesity may have a greater effect on mortality among female
colorectal cancer patients than male colorectal cancer patients,
whereas a study by Sinicrope et al (2010) found that class 1 obesity
(BMI¼ 30–34.9 kgm� 2) was associated with increased mortality
in female but not male colon cancer patients, but the opposite for
class 2–3 obesity (BMIX35 kgm� 2). However, several other

Table 4. Adjusted HR for the association between moderate-intensity and vigorous-intensity recent and lifetime physical activity, resistance training and
sedentary work, and overall and colorectal cancer-specific mortality

All-cause mortality Colorectal cancer-specific mortality

Males Females Males Females

n (%) HRa 95% CI HRa 95% CI HRa 95% CI HRa 95% CI

Total recent moderate MET-hours per week

0 182 (20.7) 1.00 1.00 1.00 1.00
0.1–5.9 129 (14.7) 0.77 0.43, 1.35 0.63 0.29, 1.35 0.95 0.49, 1.84 0.42 0.17, 1.02
6–17.9 219 (24.9) 0.68 0.42, 1.09 0.41 0.20, 0.85 1.00 0.59, 1.69 0.44 0.21, 0.94
X18 239 (39.7) 0.78 0.52, 1.18 0.41 0.21, 0.79 1.04 0.65, 1.68 0.40 0.20, 0.83

Total recent vigorous MET-hours per week

0 626 (71.2) 1.00 1.00 1.00 1.00
0.1–5.9 97 (11.0) 0.45 0.19, 1.04 0.54 0.24, 1.25 0.60 0.25, 1.42 0.45 0.17, 1.22
6–17.9 80 (9.1) 0.46 0.21, 1.01 0.80 0.34, 1.89 0.56 0.25, 1.25 0.98 0.41, 2.35
X18 76 (8.7) 0.93 0.51, 1.70 1.55 0.57, 4.18 0.83 0.42, 1.63 2.06 0.73, 5.81

Lifetime total physical activity

Low in all-age periods 216 (24.6) 1.00 1.00 1.00 1.00
High in one-age period 177 (20.1) 0.90 0.55, 1.48 0.52 0.26, 1.05 1.03 0.60, 1.79 0.73 0.35, 1.55
High in two-age periods 153 (17.4) 1.17 0.72, 1.89 0.83 0.40, 1.70 1.14 0.66, 1.99 1.13 0.50, 2.54
High in all-age periods 333 (37.9) 1.02 0.67, 1.56 0.48 0.26, 0.91 1.18 0.74, 1.89 0.65 0.33, 1.30

Lifetime moderate physical activity

Low in all-age periods 225 (25.6) 1.00 1.00 1.00 1.00
High in one-age period 187 (21.3) 0.98 0.62, 1.55 0.75 0.37, 1.50 1.26 0.76, 2.10 1.07 0.50, 2.29
High in two-age periods 185 (21.0) 1.06 0.66, 1.69 0.73 0.36, 1.46 1.12 0.64, 1.94 0.90 0.41, 1.97
High in all-age periods 282 (32.1) 0.89 0.56, 1.41 0.31 0.15, 0.64 1.14 0.68, 1.90 0.41 0.18, 0.91

Lifetime vigorous physical activity

Low in all-age periods 412 (46.9) 1.00 1.00 1.00 1.00
High in one-age period 239 (27.2) 0.94 0.64, 1.38 0.75 0.38, 1.47 1.03 0.68, 1.57 0.98 0.48, 1.99
High in two-age periods 124 (14.1) 0.87 0.51, 1.49 0.81 0.36, 1.82 0.88 0.48, 1.59 1.09 0.47, 2.52
High in all-age periods 104 (11.8) 0.76 0.41, 1.39 1.41 0.56, 3.56 0.70 0.35, 1.39 1.56 0.59, 4.08

Lifetime resistance training

None 772 (87.8) 1.00 1.00 1.00 1.00
Possible 56 (6.4) 1.08 0.54, 2.15 0.31 0.09, 1.09 1.20 0.57, 2.53 0.31 0.08, 1.13
Definite 51 (5.8) 0.64 0.26, 1.60 0.46 0.13, 1.66 0.81 0.32, 2.05 0.50 0.14, 1.84

Years in sedentary work

0 685 (77.9) 1.00 1.00 1.00 1.00
0.1–9.9 80 (9.1) 0.72 0.34, 1.50 1.28 0.59, 2.77 0.90 0.43, 1.90 1.51 0.68, 3.34
X10 114 (13.0) 0.82 0.51, 1.32 1.84 0.66, 5.12 0.81 0.48, 1.35 1.60 0.52, 4.96

Abbreviations: CI¼ confidence intervals; HR¼hazards ratio; MET-hours¼metabolic-equivalent hours.
aAdjusted for age, socioeconomic status, tumour stage and diabetes. Moderate-intensity and vigorous-intensity physical activity are mutually adjusted.
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studies report no sex differences (Dignam et al, 2006; Baade et al,
2011; Campbell et al, 2012). Several plausible explanations for this
potential gender disparity have been raised, including the different
effects that obesity may have on leptin levels, insulin resistance,
adult-onset diabetes, C-reactive protein levels and circulating
oestrogen levels in females and males (Meyerhardt et al, 2003). Five
previous studies have conducted sex-specific analyses in relation to
smoking and mortality in colorectal cancer patients. Three of these
studies found no association in males (Park et al, 2006; McCleary
et al, 2010; Nordenvall et al, 2013) and/or females (McCleary et al,
2010), whereas the remaining two studies found a significantly
increased risk of colorectal cancer-specific mortality in female
smokers but not male smokers, although there was no significant
effect modification (Phipps et al, 2011, 2013). No prior studies
have found that the effect of physical activity on mortality in
colorectal cancer patients differ by sex.

This study had several limitations that should be taken into
account when interpreting the results. It is possible that the
colorectal cancer patients who participated in this study were
healthier (i.e., more likely to be physically active and less likely to
be overweight or be a smoker) than those who did not take part. It
is also possible that people with more advanced colorectal cancer
were under-represented in this cohort, as they may have died
before being invited to take part in the WABOHS. Participants
were recruited from a population-based cancer registry soon after
diagnosis, thus limiting potential patient loss and increasing the
generalisibility of our results; however, 105 colorectal cancer
patients died before they were invited to take part in the
WABOHS. We also did not have any information about the
treatment that the participants received for their colorectal cancer,
so were not able to investigate its role as a possible confounder or
effect modifier. However, as treatment is highly correlated with
disease extent (stage), which we adjusted for in our analyses, it is
probable that its inclusion in the analyses would have had little
influence on our results. We were not able to investigate the effect
of post-diagnosis physical activity, BMI or smoking as these data
were not collected. Information about physical activity and
sedentary behaviour was only collected in the recreational and
occupational domains, respectively. Although the questions used in
this study to measure physical activity, BMI and smoking were
based on other reliable questionnaires, it is possible that some
exposure misclassification may have occurred. However, any such
exposure misclassification is likely to have been non-differential,
and would therefore have attenuated the risk estimates seen in this
study. With the exception of diabetes, we did not have information
on co-morbidity, which may potentially be a confounder and/or
mediator between lifestyle factors and mortality. Finally, we had
limited statistical power to detect significant differences in
stratified analyses, particularly those involving cancer stage.

In summary, the results of this study, along with previous
research, suggest that lifestyle factor such as physical activity,
obesity and smoking may have an important role in the prognosis
of colorectal cancer patients, particularly females. Larger studies
and, where appropriate, randomised controlled trials are needed to
confirm and improve our understanding of these associations.
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